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The past few years have witnessed a growing interest in the impact of artificial light on human sleep timing and
human sleep ecology. Scores of reports have characterized sleep timing in pre-industrial societies(Beale et al., 2017;
de la Iglesia et al., 2015; Knutson, 2014; Moreno et al., 2015; Pilz et al., 2018; Samson et al., 2017; Yetish et al., 2015)
and in industrial societies(Mart´ın-Olalla, 2019; Monsivais et al., 2017). In some of these reports the role of latitude
and seasonal variations is analyzed.
Recently the Journal of Sleep Research has presented(van Egmond et al., 2019) the bed and rise times of Olof
Hiorter (1696-1750), a Swedish astronomer based on Uppsala, at 60◦ latitude, which continued the work by Anders
Celsius on Earth’s magnetic field. It is a most interesting piece because data cover one calendar year; latitude and
seasonal variations of light and dark are extreme; and speaks about human behaviour in pre-modern times, where the
impact of articial light, social timing and alarm clocks is expected to be less much less significant.
Authors found a natural seasonal spread of bed and rise times and noted that “seasonal effects on sleep are absent
in our modern electrical lighting environment, where the contrast between daytime and evening light has become
less pronounced”. Yet, and as far as bed and rise times are concerned, this is a misunderstanding: industrial, urban
societies have pushed for regular, year round social timing but, frequently, within an environment where Daylight
Saving Time regulations occur. If anything else changes, DST provides seasonal variability to rise and bed times.
Time in Sweden follows DST regulations since the 1980s.
Present day rise and bed times in Sweden can be extracted from the Harmonized European Time Use Survey
(hereafter Hetus), a collection of Time Use Surveys in fifteen European countries compiled and harmonized by,
incidentally Statistics Sweden and Statistics Finland. The collection includes data from the Baltic States, Finland
and Norway. Hetus pre-preparred tables report the daily rhythm of sleep and other personal care: the percentage
of respondents sleeping or doing personal care, like dressing, undressing or taking a shower, as a function of time in
one day. The daily rhythm looks like a window function, soaring at night, and plummeting at dawn. From these
transitions rise times and bed times can be evaluated as described by Mart´ın-Olalla (2018).
On the other hand, Hiorter’s bed and rise times were reported on a monthly basis(Ekman, 2018). These values
can be grouped in two average values: winter (September to February) and summer (March to August). The year is
partitioned in this specific way because months are referred to the Julian calendar, official by that time in Sweden,
with equinoctes coming eleven days earlier in the calendar date.
Figure 1 shows Scandinavian and Baltic data from Hetus (diamonds) and from Hiorter’s bed and rise times
(noted by arrows), altogether with previously collected data from pre-industrial (triangles and squares) societies and
industrial (circles) societes (see Mart´ın-Olalla (2019, Fig 2)). In the figure bold symbols highlight use of efficient,
artificial light; whereas open symbols highlight lack of artificial light. The top panel shows the winter season; the
bottom panel, summer.
The only significant difference between Hiorter’s rise and bed times, and present day times in Sweden occur for
summer rise times.
Daylight saving time is being heavily criticized by physiologists and medical doctors due to the annoying, biannual
transitions that it involves and their impact on the circadian system and public health (see Roenneberg et al. (2019);
Watson (2019) and Meira e Cruz et al. (2019)). Indeed, modern, urban societies have lost their ability to smoothly
∗ email: olalla@us.es. Twitter: @MartinOlalla JM
Typeset by REVTEX
ar
X
iv
:1
90
9.
02
33
6v
1 
 [q
-b
io.
OT
]  
5 S
ep
 20
19
2track sunrises, a characteristic in Hiorter’s behaviour. That is a consequence of social timing having been synced to
clock time. Upon this scenario, the shift of one hour seems the only practical method to achieve the natural advance
in the phase of human sleep timing, which is present in this case report from the Age of Enlightenment. That helps
understanding why DST succeeded in industrial, urban societies.
ACKNOWLEDGMENTS
The author expresses his gratitude to Statistics Sweden and Statistics Finland for giving access to Hetus data.
They are available at https://www.h6.scb.se/tus/tus/.
This project was started on Jul 22nd, 2019 after a suggestion appeared in author’s homepage at ResearchGate
social network. This work was not founded by any means. No conflict of interest exists.
REFERENCES
Andrew D. Beale, Mario Pedrazzoli, Bruno da Silva B. Gonc¸alves, Felipe Beijamini, Nu´bia E. Duarte, Kieren J. Egan, Kristen L.
Knutson, Malcolm von Schantz, and Laura C. Roden. Comparison between an African town and a neighbouring village
shows delayed, but not decreased, sleep during the early stages of urbanisation. Scientific Reports, 7(1):5697, dec 2017.
doi:10.1038/s41598-017-05712-3. URL http://www.nature.com/articles/s41598-017-05712-3.
Horacio O. de la Iglesia, Eduardo Ferna´ndez-Duque, Diego A. Golombek, Norberto Lanza, Jeanne F. Duffy, Charles A. Czeisler,
and Claudia R. Valeggia. Access to electric light is associated with shorter sleep duration in a traditionally hunter-gatherer
community. Journal of Biological Rhythms, 30(4):342–350, 2015. ISSN 15524531. doi:10.1177/0748730415590702.
Martin Ekman. Small Publications in Historical Geophysics: A Study of Sleep Time as a Function of Season of the Year in
the 1700s Using Geophysical Data. Technical Report 32, Summer Institute for Hystorical Geophysics, Aland Islands, 2018.
URL https://www.historicalgeophysics.ax/sp/32.pdf.
Kristen L. Knutson. Sleep duration, quality, and timing and their associations with age in a community without electricity in
{H}aiti. American Journal of Human Biology, 26(1):80–86, jan 2014. doi:10.1002/ajhb.22481.
Jose´ Mar´ıa Mart´ın-Olalla. Latitudinal trends in human primary activities: characterizing the winter day as a synchronizer.
Scientific Reports 2018, 8(1):5350, mar 2018. ISSN 2045-2322. doi:10.1038/s41598-018-23546-5. URL http://rdcu.be/J1Gf.
Jose´ Mar´ıa Mart´ın-Olalla. Seasonal synchronization of sleep timing in industrial and pre-industrial societies. Scientific Reports,
9(1):6772, 2019. ISSN 2045-2322. doi:10.1038/s41598-019-43220-8. URL https://rdcu.be/bzLlB.
M. Meira e Cruz, M. Miyazawa, R. Manfredini, D. Cardinali, J. A. Madrid, R. Reiter, J. F. Araujo, R. Agostinho, and D. Acun˜a-
Castroviejo. Impact of Daylight Saving Time on circadian timing system: An expert statement. European Journal of Internal
Medicine, 60(January):1–3, 2019. ISSN 18790828. doi:10.1016/j.ejim.2019.01.001. URL https://www.sciencedirect.com/
science/article/pii/S0953620519300135.
Daniel Monsivais, Kunal Bhattacharya, Asim Ghosh, Robin I. M. Dunbar, and Kimmo Kaski. Seasonal and geographical
impact on human resting periods. Scientific Reports, 7(1):10717, dec 2017. doi:10.1038/s41598-017-11125-z. URL http:
//www.nature.com/articles/s41598-017-11125-z.
C. R. C. Moreno, S. Vasconcelos, E. C. Marqueze, A. Lowden, B. Middleton, F. M. Fischer, F. M. Louzada, and D. J. Skene.
Sleep patterns in Amazon rubber tappers with and without electric light at home. Scientific Reports, 5(1):14074, nov 2015.
doi:10.1038/srep14074. URL http://www.nature.com/articles/srep14074.
Lu´ısa K. Pilz, Rosa Levandovski, Melissa A. B. Oliveira, Maria Paz Hidalgo, and Till Roenneberg. Sleep and light exposure
across different levels of urbanisation in Brazilian communities. Scientific Reports, 8(1):11389, dec 2018. doi:10.1038/s41598-
018-29494-4. URL http://www.nature.com/articles/s41598-018-29494-4.
Till Roenneberg, Anna Wirz-Justice, Debra J. Skene, Sonia Ancoli-Israel, Kenneth P. Wright, Derk-Jan Dijk, Phyllis Zee,
Michael R. Gorman, Eva C. Winnebeck, and Elizabeth B. Klerman. Why Should We Abolish Daylight Saving Time?
Journal of Biological Rhythms, 34(3):227–230, jun 2019. doi:10.1177/0748730419854197. URL http://journals.sagepub.
com/doi/10.1177/0748730419854197.
David R. Samson, Melissa B. Manus, Andrew D. Krystal, Efe Fakir, James J. Yu, and Charles L. Nunn. Segmented sleep in
a nonelectric, small-scale agricultural society in Madagascar. American Journal of Human Biology, 29(4):e22979, feb 2017.
doi:10.1002/ajhb.22979. URL http://www.ncbi.nlm.nih.gov/pubmed/28181718.
Lieve van Egmond, Martin Ekman, and Christian Benedict. Bed and rise times during the Age of Enlightenment: A case
report. Journal of Sleep Research, page e12862, apr 2019. doi:10.1111/jsr.12862. URL https://onlinelibrary.wiley.com/
doi/abs/10.1111/jsr.12862.
Nathaniel F Watson. Time to Show Leadership on the Daylight Saving Time Debate. Journal of clinical sleep medicine :
JCSM : official publication of the American Academy of Sleep Medicine, 15(6):815–817, jun 2019. doi:10.5664/jcsm.7822.
URL http://www.ncbi.nlm.nih.gov/pubmed/31138392.
Gandhi Yetish, Hillard Kaplan, Michael Gurven, Brian Wood, Herman Pontzer, Paul R Manger, Charles Wilson, Ronald
McGregor, and Jerome M Siegel. Natural sleep and its seasonal variations in three pre-industrial societies. Current biology :
CB, 25(21):2862–2868, nov 2015. doi:10.1016/j.cub.2015.09.046. URL https://www.cell.com/current-biology/comments/
S0960-9822(15)01157-4.
3A
n
g
u
la
r
d
is
ta
n
ce
to
th
e
E
q
u
a
to
r
S
h
o
rt
es
t
p
h
o
to
p
er
io
d
(h
o
u
rs
p
er
d
ay
)
Mean distance to noon (hours)
DNK
ESP
FRA
IRL
ITA
GBR
CAN
USA
DNK
ESP
FRA
IRL
ITA
GBR
CAN
USA
FIN
EST
LVA
NOR
SWE
FIN
EST
LVA
NOR
SWE
FIN
EST
LVA
NOR
SWE
HAD
SANTSI
TQN
TQE
CMN CME
HIO
HAD
SANTSI
TQN
TQE
CMN CME
HIO
HAD
SANTSI
TQN
TQE
CMN CME
HIO
QBN
QB1
QB2
MAN
MILTENFON
QBN
QB1
QB2
MAN
MIL
TEN
FON
QBN
QB1
QB2
MAN
MILTEN
FON
60◦
55◦
50◦
45◦
40◦
35◦
30◦
25◦
20◦
15◦
10◦
5◦
0◦
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
5
6
7
8
9
10
11
12
t1, sleep offset t2, midpoint t3, sleep onset
A
n
g
u
la
r
d
is
ta
n
ce
to
th
e
E
q
u
a
to
r
S
h
o
rt
es
t
p
h
o
to
p
er
io
d
(h
o
u
rs
p
er
d
ay
)
Mean distance to noon (hours)
DNK
ESP
FRA
IRL
ITA
GBR
CAN
USA
DNK
ESP
FRA
IRL
ITA
GBR
CAN
USA
FIN
EST
LVA
NOR
SWE
FIN
EST
LVA
NOR
SWE
FIN
EST
LVA
NOR
SWE
HAD
SANTSI
TQN
TQE
CMN CME
HIO
HAD
SANTSI
TQN
TQE
CMN CME
HIO
HAD
SANTSI
TQN
TQE
CMN CME
HIO
MAN
MILTENFON
MAN
MIL
TEN
FON
MAN
MILTEN
FON
60◦
55◦
50◦
45◦
40◦
35◦
30◦
25◦
20◦
15◦
10◦
5◦
0◦
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
5
6
7
8
9
10
11
12
t1, sleep offset t2, midpoint t3, sleep onset
Figure 1 Human sleep ecology as a function of latitude and the light and dark conditions. Top panel shows winter setting;
bottom panel, summer setting. Mart´ın-Olalla (2019) gives a detailed description of the panels. Diamonds display Hetus values.
Hiorter’s values (see van Egmond et al. (2019) and Ekman (2018)) are labeled as hio and highlighted by red arrows. Values
from industrial, urban societies (circles and diamonds) take into account Daylight Saving Time in the bottom panel.
